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and probably earlier, it had been completely eliminated.
Therefore, the temperature below the level of seasonal
fluctuations is 0 C at this site, and by inference over
most of the accumulation basin.

Ice temperatures from the upper part of the abla­
tion area, 7 km below the equilibrium line and at an
altitude of 1550 m, are shown in Fig. 3. Seasonal
temperature fluctuations appear to be nearly damped
out at 10 m depth, where the temperature is between
-1.0 and -1.7 C. Note that depths have been refer­
enced to the 1972 summer surface rather than the
actual snow or ice surface at the time of measurement.

The lowest site is at 1140 m altitude, somewhat
below the center of the ablation area. Here the April
and July temperatures are -0.6 and -1.2 C, respec­
tively, 10 m below the 1972 summer surface (Fig. 4).
Annual ablation removes 3 to 5 m of ice here, and it
is possible that 10 m below the ice surface at any
time of year the temperature is continuously higher
than -1 C.

The question arises as to whether these data are
typical or, for example, the result of an exceptionally
warm winter. Snow temperature measurements have
been made for 8 years at Gulkana Glacier, 30 km
southeast of Black Rapids Glacier. Temperatures from
March through May, at approximately 1940 m alti­
tude (Fig. 5) were compared with the April 1973
Black Rapids temperatures. The snowpack base, or
summer surface, has varied from -4 to -7.4 C. On
March 31, 1973, the snowpack base was -5.4 C and
the temperature gradient in the lower part of the
snow was similar to all previous years. From this
information, the 1973 Black Rapids Glacier tempera­
tures are judged to be near normal.

Black Rapids is typical of many glaciers in that its
ablation area is cooler than its accumulation area.

This is because the impermeable ice in the ablation
area cannot be warmed by the freezing of downward
percolating water. Both the 10 m temperatures !lond
the annual ice loss in the ablation area are similar to
those of Athabasca Glacier in Canada's Jasper N a­
tional Park, which is temperate in the ablation area
below a depth of roughly 15 m (Paterson 1971, 1972).
It is likely that Black Rapids Glacier is similar. In
this situation, probably typical of many glaciers,
latent heat is released at the lower boundary of the
cool surface layer by the freezing of small amounts
of liquid water contained in the upward moving ice.
We have not yet measured deep temperatures, and it
is possible that the temperature structure here is
complicated by the slow freezing of water trapped in
deep crevasses during the 1936-37 surge (Jarvis and
Clarke, 1974).

In summary, the near-surface temperature measure­
ments we have made to date favor the classification
of Black Rapids as a temperate glacier, in which case
its surge behavior could not be thermally controlled.

REFERENCES

Hoffman, J. W., and G. K. C. Clarke, 1972: Periodic temperature
instabilities in sub-polar glaciers. International Symposia
on the Role of Snow and Ice in Hydrology, Banff Symposium,
UNESCO-WMO Conference. Proceedings, 1,445-450.

Jarvis, G. T., and G. K. C. Clarke, 1974: Thermal effects of
crevassing on Steele Glacier, Yukon Territory, Canada.
Jour. Glaciology, 13,68,243-254.

Paterson, W. S. B., 1971: Temperature measurements in Atha­
basca Glacier, Alberta, Canada. J01tr. Glaciology, 10, 60,
339-349.

Paterson, W. S. B., 1972: Temperature distribution in the upper
layers of the ablation area of Athabasca Glacier, Alberta,
Canada. Jour. Glaciology, 11, 61, 31-41.

Robin, G. de Q., 1955: Ice movement and temperature distribu­
tion in glaciers and ice sheets. Jour. Glaciology, 2,18,523-532.




